The influence of auto exhaust on man's health is difficult to gauge considering the intricacy of human environmental urban stresses and particularly of other air polluting (industrial, domestic) emissions. Epidemiological surveys made in road tunnel employees and in traffic officers have not demonstrated specific effects and have often been complicated by cigarette smoking as a factor. Long-term animal experiments run mostly on small rodents give evidence of little effect of the pathological actions of dilutions such as those encountered in high polluted cities. However the acute toxicity of gasoline exhaust emission is well known and mostly due to carbon monoxide. Considering the different types of cycles and operating conditions of vehicles (gasoline and diesel), auto exhaust gases constitute no more a chemical entity than they show, a definite toxicity. A great number of substances that they contain (nitrogen oxides, aldehydes, antiknock additives, heavy metals, possible catalysts are highly toxic as shown by in vivo and in vitro (mutagenic) tests. Interactions of the components are for the moment ignored or poorly understood. Besides, the evolution of the physicochemical properties and natures of the auto exhaust emission in the gaseous biotope of man under determined conditions of ultraviolet irradiation, temperature, and hygrometry provoke the formation of secondary products such as oxidants and ozone. Several experiments show clearly that irradiation increases the toxicity of auto exhaust significantly. For these reasons, geographical, meteorological, and chronological (circadian and seasonal) factors should be taken into consideration, especially with regard to emission standards.
Introduction
A few years after World War II, the formation of photochemical oxidant smog in Los Angeles County, reducing visibility, destroying vegetation and irritating inhabitants' eyes and noses, was partly attributed to solar irradiation of a mixture of nitrogen oxide and hydrocarbons emitted by motor vehicles in a poorly ventilated atmosphere (1, 2 and the construction of chambers for experimental exposure to irradiated automotive gas. In June 1962 the Surgeon General made a report to the U.S. Congress concerning "motor vehicles, air pollution, and health" (3) . As the highest levels of automotive air pollution were found in Los Angeles, California became the pioneer state for vehicle exhaust emission standards. Oxidant air pollution has since been found in other cities of the United States (4) and in Toronto (5) , but of much lower intensity. Generally speaking, conditions of solar irradiation, air stagnation and vehicle traffic in Europe are not considered favorable to the creation of such photochemical reactions (6) , but oxidant levels of the Los Angeles type were detected in the Rotterdam area in 1968 (7) . In 1969, the World Health Organization published a report on urban air pollution, especially by motor vehicles (8) .
A strong relationship between urban air pollution and the density of motor traffic has been October 1976 shown to exist in cities in every country all over the world. More specifically, atmospheric carbon monoxide, nitrous oxide, hydrocarbon and lead contentitcorrd1ates with the number of cars on city streets, and definite circadian variations are produced by the amount of traffic (9) . Fuel rationing after the Suez affair permitted Lawther and Commins (10) to show unusually low concentrations of NO2 and CO in the streets of the City of London; a Paris subway strike enabled Chovin et al. (11) to point out considerable increase in atmospheric CO due to the higher number of cars on the Paris streets.
This report reviews toxicological studies of the effects on men and animals of raw and irradiated exhaust and their principal components. The contribution made by such air polluting emissions to the etiology of bronchitis and lung cancer must be considered in order to decide their possible influence on human health. These two diseases have multifactorial etiology, including personal air pollution (cigarette) smoking), occupational exposure, and infectious and genetic predisposition (12) (13) (14) (15) (16) .
JUgh concentrationi of exhaust pollution in ctti s is also related to the urban factor, not yet defined (10, (17) (18) (19) (20) , which many epidemiological surveys have proved aggravating to pulmonary and circulatory diseases and which is a baffling complex of physiological, alimentary, thermal, and respiratory stresses and the influence of crowding and noise.
Automotive emission makes an important contribution to air pollution (21) , varying essentially with the intensity of traffic, meteorological factors (wind, sun irradiation) and the type and quantity of other air pollutants. Despite the immense complexity of automobile exhaust and its great diversity due to variations in fuel composition, types of engines (automotive or diesel) and operating conditions, a certain number of common toxic components have been identified in these emissions. concentrations. The fourth column shows their concentrations in polluted urban air (New York City, U.S. towns, Paris, London). The range is generally indicated by two numbers, the mean by one. The figures of gas concentrations must be taken mainly as indices, because of the tremendous differences in operating conditions, which widely change the concentrations of emitted gas. Further details concerning the data presented in Table 1 appear in the literature (22) (23) (24) (25) (26) (27) (28) . Also shown are biological activity thresholds in mammals taken from different sources in the biological and medical literature (29) (30) (31) (32) , and air quality criteria monographs (5, 6, (33) (34) (35) (36) (37) (38) . Table 2 gives a conversion table from units of volume to other units (mass). Principal Investigations of Toxicity of Auto Exhaust
Principal methods used for investigating the biomedical effects of motor vehicle air pollution are epidemiological studies of those occupationally or geographically exposed and experiments on men and animals. In addition, particular models (cells or tissues) have been assayed for special problems such as mutagenicity.
Epidemiological Studies
As carbon monoxide is a "sentinel" of automobile gas emission, the intensity of exposure to automotive air pollution can be roughly quantified by the carbon monoxide content of the atmosphere which, as the consequence of its affinity for hemoglobin, results in blood carboxyhemoglobin variations. The partial pressure of CO, its diffusion coefficient through the alveolocapillary membrane, pulmonary ventilation-and-cardiac output determi-ne its penetration into pulmonary blood. Douglas et al. (39) , Forbes et al. (40) , and more recently Coburn et al. (41) developed equations to predict the increase of CO Hb in man according to the carbon monoxide concentration in inspired air and duration of exposure. Coburn's formula was verified physiologically in volunteers for concentrations up to 1000 ppm (42) . Measurement of carbon monoxide in expired air and levels of blood carboxyhemoglobin substantiate exposure of men to automotive air pollution (43) (44) (45) (46) (47) (48) (49) (50) (51) .
Lead measurement in human blood, urine or brain now provides an additional index of exposure to automobile air pollution (9, 52) .
Epidemiological surveys have been made on different populations particularly exposed to this kind of air pollution: traffic officers, road tunnel employees, carpark workers and drivers, mainly volunteers. Recently published statistics of morbidity in California populations will also be presented, as they appear to be exposed to a particular type of air pollution as a result of the effects of sun irradiation on automotive gas emission.
Road Tunnels. Waller, Commins, and Lawther (53) reported eye irritation provoked by the atmosphere of two London road tunnels during periods of high traffic density, but did not then undertake medical investigations.
In 1963 Speizer and Ferris (54) reported the results of a questionnaire on respiratory symptoms and measurement of vital capacity, 1-sec forced expiration volume (FEV1) in toll guards and sergeants of the Sumner Tunnel in Boston. This tunnel is 6000 ft long; approximately 35,000 vehicles use it daily; during peak commuter-traffic, the mean hourly CO concentration was over 100 ppm, and the Pb level was 30.9 g/m3 air. Fifty toll guards were in the tunnel for 2 hr at a time with 2-hr breaks, or at the toll booths for 8-hr periods. They usually spent 2 weeks in the tunnel and 6 Accidental and suicidal carbon monoxide intoxication by automobile exhaust gas in poorly ventilated enclosures (garages) have been reported, and it is generally admitted that the concentration of 4000 ppm which is often contained in undiluted exhaust is fatal in less than 1 hr (62) . For this reason, and on account of medical ethics, human exposure is not conceivable.
The eyes of five men were exposed to irradiated automotive exhaust gas to try to determine the chemical factor responsible for eye irritation (63 After measuring diesel locomotive air pollution in a railroad tunnel, Katz, Rennie and Jegier (67) reported mainly slight eye and throat irritation but no effect on pulse and blood pressure for concentrations of 2.5 ppm CO, 0.5-2.5 ppm NO2, 1.8-4.7 (74) . Definite effects were obtained for concentrations of pollutants superior to those in urban atmospheres. Increase in total expiratory flow, accompanied by a decrease in respiratory rate and a small increase in tidal volume, were much more marked at an auto exhaust dilution of 1/1000 with irradiated than with raw autoexhaust. These effects were observed at all exposure times, which lasted from 2 to 4 hr. Most of these effects rapidly regressed to preexposure level when the animals were returned to clean air. Although these investigations did not identify the specific agents responsible for all the pulmonary effects observed, the experimenters thought they best correlated with the aldehyde content of the exhaust, unmeasured substances formed by photochemical reactions, and carbon monoxide. Table 5 shows the gaseous components measured in exhaust-contaminated atmospheres used in these experiments (73) . Spontaneous running activity of mice measured in an ac- aHC: hydrocarbons. b Analysis at manifold was not obtained and figure refers to a representative analysis at the irradiation chamber. CO concentration calculated as ppm raw exhaust/dilution ratio. Environmental Health Perspectives tivity wheel decreased at almost all dilutions tested, but more with irradiated than raw auto exhaust (Table 6 ). Biochemical measurements (Table 7) on lungs and sera of rats killed during the first hour following a 6-hr exposure period showed little or no alteration at concentrations of 3 to 8 times current community levels as regards alkaline phosphatase, glutamic oxalacetic transaminase, and cholinesterase. Oxygen consumption of surviving lung slices was unchanged by exposure to a 1:150 dilution. Carboxyhemoglobin levels in exhaustexposed animals increased approximately in proportion to the carbon monoxide concentration of the autoexhaust; however, for the same concentration of atmospheric CO, carboxyhemoglobin was higher in irradiated than nonirradiated gas. a-Naphthylthiourea (ANTU) was administered to male mice 30 min before being placed for 6 hr in chambers ventilated with clean or exhaust-contaminated air. After exposure to exhaust dilutions, mortality from pulmonary edema and pleural effusion was higher in all experiments but one (G).
A 4-hr exposure of mice to high dilutions of light-irradiated automobile exhaust (100 ppm CO, 0.35-0.67 ppm oxidants; 0.3-1.0 ppm NO2; 0.06-1.9 ppm NO) increases mortality provoked by inhalation of a bacterial aerosol of streptococcus (Lancefield C). equipped with catalytic converters were used to compare effect on survival rates in infant rats and weight changes in lactating females. Subacute (7 days), rather than chronic experiments, showed the most severe effects in the groups exposed to irradiated and nonirradiated noncatalytic exhaust. After exposure for 5 days to exhaust without the catalyst, extensive histopathological lesions were found in adult hamsters and rats, consisting of subacute puruEnvironmental Health Perspectives lent bronchiolitis and pneumonia. In the group exposed to catalyst-treated exhaust, no significant morphological changes were noted in either rat or hamster tissues. The concentrations of the pollutant components were not specified in the communication presented at the Paris International Symposium in 1974 (87) .
A series of long-term exposures to nonirradiated automotive exhaust gas was carried out by a research group of the French National Institute of Health (INSERM) (88, 89) . Pathogen-free Sprague Dawley male rats were exposed from 10 weeks to lifetime (2 yr) to ex- 58 ppm CO; 23 ppm NO,, 0.08% CO2 2 ppm aldehydes, hydrocarbons < 0.5 mg/l.). Each of these experiments was performed on groups of 15 or 30 rats exposed for periods varying from 10 weeks to 2 yr. Rats placed in an adjacent chamber ventilated with clean air at the same ventilation rate were used as controls. Body weight, continuous recording of CO2 emission taken as an index of metabolism, ECG of unanesthetized animals outside the chamber, and avoidance training were also performed outside the chamber on some series of rats. In other series, organs (brain, heart, kidneys, liver, testes, suprarenals, skin) were weighed and water content determined; hematology, blood, pH and buffering capacity, biochemical blood analyses (glucose, lipids, proteins, cholesterol, lactic acid, transaminases and LDH), were carried out on blood obtained by decapitation. Tables 11-14 show most of the data obtained, which are negative except for increase of adrenal weight (Table 11 ) and neutrophils (Table 14) . However, the dilution containing the highest concentration of NOx (23 ppm), which is about 50-100 times that found in urban air pollution, produced definite biological effects: decreased body weight, diminution of sound-avoiding reflexes, and increase in the number of spontaneous tumors in relation to aging, none of which were pulmonary tumors. However, this dilution did not influence heart Pulmonary resistance, measured monthly by plethysmography, showed no difference between guinea pigs living in polluted ambient air and those kept in filtered air. During the second year of their life span, mortality of animals living in ambient air was slightly, but not significantly greater than that of those living in filtered air. Additional measurements of pulmonary resistance were made on some of the guinea pigs on days with unusual weather conditions or smog during 1963 (oxidants, 0.2-0.9 ppm; CO, 40-72 ppm; hydrocarbons, 16-40 ppm; nitrogen oxides, 1.2-3.1 ppm). When these pulmonary resistances were compared with routine monthly measurements on the same animals, significant increases in resistance were found at oxidant levels of approximately 0.30 ppm or more. Low temperature with high relative humidity was also associated with increased pulmonary resistance. Aging increased pulmonary resistance of animals in all groups, but the effects of breathing polluted ambient air were the same in old and young guinea pigs. There were great individual differences in sensitivity to smog and in recuperation after the pollution episode of the variations measured by plethysmography. Some animals died during these smog episodes, and autopsy revealed that most of them had pneumonia or moderate pulmonary edema. The monthly mortality rate in older animals (over 22 months old) during the 2-month period following the pollution episode was almost double the average. No deaths were observed in younger guinea pigs during these two months. An electron micrograph survey of pulmonary alveolar tissue made by Bils (103) in small groups of 4-5 mice placed in the same areas in Los Angeles and killed during and after periods of heavy smog (more than 0.4 ppm oxidants) showed alteration of mitochondria, disruption of cytoplasm and lamellar inclusions. As the air irritants subsided, related cellular processes fell back to normal. Wayne and Chambers (104) observed increased incidence of pulmonary adenomas in certain strains of inbred mice exposed throughout their lives to ambient atmosphere in Los Angeles, but this was not confirmed. As a matter of fact, a study of 7000 mice of three inbred strains (A, A/j, and C,7 black) exposed under the same conditions for 5 yr, showed no increased pulmonary neoplasia, but revealed increased susceptibility to endemic bacterial pneumonitis (105) . In the same series of animal field experimentations in the Los Angeles area, a study (106) was made of pathogen-free Sprague-Dawley male rats exposed during their natural life span in the four airpollution sites (153 rats) and in a control room ventilated with filtered ambient atmosphere (92 rats). There was no significant difference in life span or bodyweight at death between rats exposed to polluted air and controls. The polluted ambient Los Angeles atmosphere (ozone concentration peak between 0.3 and 0.5 ppm) did not cause any discernible histological effect on lung tissue, but the incidence of chronic nephritis was significantly greater in senile male rats exposed to ambient air than in senile control rats. Neoplasms were found in 24 of the 153 rats exposed to the ambient Los Angeles air (15%o) and 9 of the 92 breathing filtered air (9%v); the difference between the two groups was not statistically significant. The level of 5% CO Hb in the blood is generally considered to affect psychological and psychomotor reactions of normal subjects (117) (118) (119) (127) concerning the effect on adult tick distribution (Acarine ixodidae) by increased pCO2 along roads in Falmouth (Massachusetts).
Cellular

Hydrocarbons
Experimental data of exposure of animals and humans to various hydrocarbon compounds were reviewed in a monograph of the U.S. Department of Health; Education and Welfare (34) . Although Russian experimenters (128) report related experimental effects of very low concentrations, it is generally admitted that, to be biologically reactive, concentrations of aliphatic and alicyclic hydrocarbons must rise to more than 500 ppm, which is 100 and 1000 more than the levels found in ambient atmosphere. Concentrations over 1% produce narcosis and convulsions, supposedly due to hypoxic effect. Aromatic hydrocarbons are biochemically and biologically active. Eye irritation provoked by hydrocarbons has been attributed to their chemical structure (129) .
The danger of these low molecular weight hydrocarbons contained in auto exhaust does not lie in their chemical entity per se but in the fact that they are involved in the formation of photochemical smog, resulting in interactions between ultraviolet irradiation and nitrogen oxides which promote formation of oxidants far more biologically active than this kind of hydrocarbon, such as aldehydes, ketones, and peroxyacetyl nitrate.
The polycyclic hydrocarbons identified in the atmosphere of cities, resulting principally from heater and furnace emissions and also automotive, especially diesel exhaust, appeared potentially more dangerous to health. These hydrocarbons are mainly solid Skog (153) , and Smyth (154) . The mutagenicity of formaldehyde has been described in Drosophila, Neurospora and Entamoeba coli (138) and male mice (137) . Nevertheless, it must be remembered that forEnvironmental Health Perspectives maldehyde is used in enormous quantities (e.g. 3-4 billion pounds in the U.S. in 1965), generally in the form of aqueous solutions, so that the emission of aldehydes by auto exhaust might appear small in comparison.
Nitrogen Oxides
Most of the toxicological data concerning nitrogen oxides can be found in a monograph published by the U.S. Environmental Protection Agency (35). Several accidents have been reported in man acutely exposed to nitrogen dioxide: a level of 500 ppm provokes pulmonary edema and death, while 25-75 ppm induces bronchitis and bronchopneumonia. During occupational exposure of welders to atmospheres containing mixtures of nitrogen monoxide and nitrogen dioxide, decreased maximal breathing capacity and increased expiratory resistance accompanied by methemoglobinemia have been observed at peaks of 5 ppm NO2.
In animals, a 3.5 ppm level of NO, increases mortality of mice exposed to Klebsellia pneumoniae (155); 0.5 ppm NO. is the threshold of increase in tracheal pressure of anesthetized guinea pig (36). Freeman et al. (156) detected histological lesions of bronchiolar epithelium of rats exposed during their entire life time to 2 ppm of nitrogen dioxide. Nitrous acid, which is obtained through hydration of nitrogen oxides, induces crosslinking of DNA strands and is a mutagenic agent (137, 138) .
The maximum NOx concentration found in the atmosphere of highly polluted cities, principally in California, is but little higher than the olfactory threshold, which has been estimated at 0.12 ppm.
Sulfur Oxides
Historically, sulfur oxide is the first gaseous air pollutant whose concentration was measured. Its pathological effects have been particularly well studied in Great Britain. During an acute smog episode in London in December 1952, the average SO2 concentration reached 1.34 ppm, with a peak of "smoke" of 1200 ,Ag/m3, and was followed by 4,000 excess deaths.
Lawther (157, 158) established a fully documented relationship between the bronchitis syndrome and this type of air pollution. The English Clean Air Act of 1956, limiting the number of sources of pollution (principally coal burnt in open fireplaces) in the City has freed London from this dangerous winter smog, and has apparently decreased the incidence of bronchial infections (159) .
Acute toxicity in animals is obtained at quite high concentrations (50-16,000 ppm) of sulfur dioxide (27, 38, 160) . This suggests that during these acute episodes there may have been an association with other pollutants which have not been measured, aggravation by meteorological factors, and also selection of elderly victims already suffering from cardiopulmonary diseases. In different animal species the variety of anatomical morphology, and presumably of mucous secretion mechanisms of the upper airways, plays a predominant part in the absorption of SO2, as well as that of particles. Dogs, for instance, are not very sensitive to sulfur dioxide intoxication because of the "scrubber" effect of their long noses (83) .
Man can detect the odor of concentrations of 1-3 ppm of sulfur dioxide.
SO2 is emitted by coal-and sulfur-contaminated fuel heaters and power sources, and concentrations range from 0.2 to 1.6 ppm in polluted cities. Regarding motor vehicles, the risk of sulfur oxide pollution is limited to diesel engines, whose exhaust gases contain 100-300 ppm SO2.
Oxygen
Auto exhaust gases containing between 1 and 14% oxygen are markedly hypoxic. Nevertheless, the amount of oxygen consumed by automotive engines does not decrease the oxygen content of ambient air, which appears to be quite stable. In any case, as it occurs at moderate altitude, hypoxia does not endanger human physiology.
Oxidants
A monograph of the U.S. Department of Health, Education and Welfare has recently summarized toxicological data concerning the two most important oxidants encountered in air pollution: ozone and peroxyacetyl nitrate (PAN) (4) .
Ozone is the most toxic of known air pollutants. In man a concentration of 0.1 ppm provokes eye irritation, 0.6-0.8 ppm decreases diffusing capacity and other pulmonary functions, and 0.02-0.05 ppm is the olfactory threshold. Ozone odor fatigue develops readily.
In animals, LD50 in mice is 4 ppm (38). Freeman et al. (161) reported histological bronchiolar changes in dogs exposed to 1-3 ppm ozone for 8-24 hr/day for 18 months.
Peroxyacetyl nitrate toxicity is not so well known, but its median lethal concentration in mice has been estimated at 100 ppm (162) .
Peaks of 0.2 ppm of ozone have been reported in Los Angeles, Denver, and Philadelphia, and it is certain that this oxidant is a real danger in polluted urban atmosphere. However, it results from electrical discharge and solar irradiation, as well as from photochemical reactions induced by ultraviolet irradiation of hydrocarbons and nitrogen oxides emitted by auto exhaust.
Metals
Gasoline and automobile engine parts contain small portions of metals which are emitted into the air, including platinum, palladium, and lead (163) . Roadside soil and vegetation are contaminated by deposits of lead, cadmium, zinc, and nickel which have been ascribed to automobile traffic (164) . Of these metals, a few could be a threat to human health: cadmium accumulates in the kidneys, and nickel is suspected of causing bronchial cancer (32, 165) . Platinum toxicity should be reconsidered if this metal were to be widely used in catalytic treatment of auto exhaust. This subject was examined as part of a recent conference on mobile air emissions in attempts to evaluate potential exposures and toxicities of platinum and palladium (.163). Lead, which is an additive to gasoline, constitutes the chief amount of metal in auto exhaust.
A recent WHO monograph (166) reviewed the danger of lead absorption by man. Recent symposia surveyed low level toxicity of heavy metals in the environment (167, 168) and summarized the behavioral, biological, biochemical, and developmental toxicities of lead in experimental animals and humans. Lead represents 0.01%o of the surface soil of the earth, so that as an oligoelement of the human body it varies accordingly to geological factors. It is usually estimated that inhalation constitutes one third and ingestion two thirds of man's usual lead intake. As for carbon monoxide, a strong relationship has been established between lead and automobile traffic when leaded gasoline is used (169) . Different concentrations of lead in the air ranging from 1.0 1FLg/m3 (composite urban U.S.) to 44.5 /Lg/m3 (Boston Sumner tunnel) correspond to human blood levels of 160 ,Lg/l.
(composite urban U.S.) to 300jg/l. (Boston Sumner Tunnel employees) (170) . Populations geographically located near highways show higher lead concentrations than comparable samples taken at some distance from these automobile sources of lead emission. At more than 700 m (200 ft) from the highway, ambient air lead content reaches localized background levels (171, 172) .
Lead content in soil is usually 20 ug/kg, but along heavily traveled roads it can reach as much as 403 mg/kg in the upper 5 cm of topsoil. From there it enters plant tissues and the bodies of animals grazing on polluted vegetation: in this way it contaminates the human food chain (165, 167, (173) (174) (175) (176) (177) .
As previously outlined, blood lead reflects contact with lead but does not indicate the route of entrance, whether by inhalation or ingestion. Lead levels are also influenced by sex (blood lead levels in women are lower than those in men), tobacco smoking (smokers have a slightly higher level than nonsmokers) and age.
Infants often have high blood lead levels for no clear reason, and they are also more susceptible to lead intoxication than adults. Moreover, lead penetrates into maternal milk.
Nothing positive has yet been reported on the pathology of lead inspired in air particles, except in cases of acute intoxication by fumes.
However, lead in the New York Staten Island Zoo has been held responsible for morbidity and mortality of leopards, snakes, cats, primates, and even a great horned owl (178) .
Medical research has developed sensitive diagnostic criteria of human lead intoxication: anemia, coproporphyrinuria, 8-aminolevulinic acid (t-ALA) dehydrase urinary excretion, decrease of red blood cell d-ALA dehydrase, and measurement of lead in blood and hair. The difficulty in recognizing the threshold of air lead concentration is due to the numerous sources of lead intake (179) (167, 180) . Nevertheless, literature has reported possible human genetic effects, and lead acetate produces chromosome abnormalities in vitro (180) .
In addition to lack of substantiated information on possible toxicity, the fact that it poisons chemical catalysis has caused various countries to decrease lead content of gasoline when possible. However, the eventual effects of the proposed metallic catalysts are not well known at present.
Odors and Subjective Nuisances
At the present time only subjective methods are able to detect odors. Ignorance of the chemical molecules responsible-aldehydes and oxidants are suspect-impedes a scientific approach (181) .
Clouds of black smoke constitute a psychological nuisance for esthetic reasons which have psychophysiological value in human comfort and welfare. Particulates also screen solar ultraviolet irradiation.
Diesel exhausts discharging black, malodorous smoke have come under regulations forbidding this particularly objectionable aspect of air pollution (182) .
Gasoline Additives Other Than Lead
Addition of catalysts usually reduces levels of carbon monoxide and total hydrocarbons, but increases the amount of particulates. The allergenic properties of platinum (183, 184) and even the toxicity of palladium might be suspect (86) . Mutagenicity of other gasoline additives, such as f8-propiolactone, dimethyl nitrosamine and trimethyl phosphate, has been demonstrated in vitro, mainly in Neurospora (138) . However, information is lacking regarding the concentration of unreacted or biologically active products remaining in automotive exhaust after they have been submitted to the carburation of gasoline.
A subsidiary form of air pollution generated by automobiles is solid particles resulting from dispersion of road dust by movement of the wheels and brake and tire abrasion.
Factors Influencing Exhaust Gas Toxicity
The apparent variability in toxicity of a chemically well-defined inhaled gas must be emphasized. A simple experiment will illustrate this (185, (188) . Local urban microclimates (189) and highway distribution must be investigated, rather than the global aspect of air pollution in the formation and evolution of local auto exhaust pollution. As was demonstrated in California (2) and other places, solar and ultraviolet irradiations can transform hydrocarbons into photooxidants. As Durham's study also showed (58), since climate has an effect on man's pathology (190) , it conditions not only the intensity of air pollution episodes, but also individual response to this type of environmental aggression (191) . It must be remarked that most of the morbidity and mortality resulting from acute air pollution episodes (Meuse Valley, 1930; Donora, 1948; London, 1952) occurred in periods of damp and cold weather.
High altitude creates hypoxia in decreasing barometric pressure conditions, and thus constitutes a particular challenge in "high highway tunnel" engineering where carbon monoxide hypoxia results from automotive exhaust (192) .
Rhythms of Automotive Exhaust Air Pollution. In the light of development of chronotoxicology (193) (194) (195) (196) and demonstration ( Fig.  1 ) of periodic circadian sensitivity (nyethemeral, daily) to carbon monoxide (124) , it may be wondered whether the rhythm of circadian, circaseptan (weekly) and even circannual (seasonal) automative exhaust air pollution can have a cyclic effect on human health.
Circadian variations of street carbon monoxide result from the different intensities of automobile traffic (10, 44, 197) . Figure 2, at weekends provides another type of circaseptan rhythmn (198) . Seasons produce circannual rhythms of air contaminant concentrations. Pollen calendars (199, 200) , heating sources in winter, and summer vacations rhythmically modify the contents of solid, liquid, and gaseous contaminants of the atmosphere, associated with cyclic seasonal meteorological variations, ultraviolet irradiation, clouds, wind, rain, fogs and vertical temperature gradients, all factors which condition origin and diffusion of air pollutants (201) (202) (203) (204) .
The existence of such external respiratory synchronizers raises the question whether they can influence rhythms already existing in living bodies, either from endogenous or exogenous sources. Fundamental bioenergetic rhythms, in fact, have been demonstrated in all living organisms (193, 205, 206) and these variations in energy are accompanied by changes in oxygen consumption, parallel to changes in human cardiac and respiratory rates (207) (208) (209) (210) (211) . However, although circadian, circaseptan and circannual rhythms of air pollution are an accepted fact to-day, there is no clear parallel recognition of human circadian, circaseptan and circannual rhythms of pulmonary sensitivity.
Individual Factors
Age influences penetration and removal of air pollutants. Compared with adults, children have smaller airways which decrease the size of penetrating aerosols, and also higher oxygen consumption, which increases respiratory exchanges and hence the rapidity of toxic gas inhalation. In addition, as the walls of children's airways are thinner, they are consequently more fragile. Moreover, diseases in young children reflect their lack of immunity. The previously reported increase of lead in children's blood is also a source of investigation for hygienists. For all these reasons, infants appear particularly sensitive to air pollution, as revealed by various epidemiological inquiries (212) (213) (214) (215) .
Elderly people, especially those suffering from cardiorespiratory affections, are the chief victims of acute episodes of air pollution. Asthmatic people have been proposed as human "sentinels" for detecting air pollution, for they feel better when breathing in hypoallergenic chambers away from polluted environmental air (216, 217) .
Sex differences in the pathological effects of tobacco and different air pollutants have been revealed in human epidemiological surveys (58, 218) and by air pollutant toxicological studies on animals (38, 70) . It has been experimentally demonstrated that pregnancy in mice increases acute mortality resulting from carbon monoxide inhalation (219) .
The importance of genetic factors has been pointed out in man as regards a-l-antitrypsin deficiency and bronchial sensitivity to tobacco (12) (13) (14) , allergic asthma (15, 16) and experimental susceptibility of mouse to ozone (220) .
Increases in metabolism resulting from physical work and exercise intensify cardiac output and respiratory ventilation and thus augment the rapidity with which air pollutants penetrate the airways and thence the organism. This could be taken as an example of the physiological conditions that considerably modify human behavior in an air polluted zone. High concentrations of oxidants have been observed to have a deleterious effect on athletic performance in cross-country track events in the Los Angeles area (221) . Furthermore, when 20 young men-smokers and nonsmokers-were tested for maximal aerobic power in a 35°C environment, inhaling 50 ppm carbon monoxide reduced the work time (treadmill) of nonsmokers and elicited changes in the respiratory patterns of both smokers and nonsmokers (222) .
Among diverse physiopathological factors that could influence the toxicity of air pollutants, infection is the only one that is well known, for it has been the subject of bacteriological experiments on animals. As already pointed out, nitrous oxides and irradiated auto exhaust dilutions increase mortality from experimental microbial infection (75, 76) . The mechanism could be a decrease in pulmonary defences, especially by action on alveolar macrophages (223) (224) (225) (226) or even exacerbation of microbial pathogenicity (227) .
Although more studies are necessary, in all likelihood self-intoxication considerably increases the action of auto exhaust. In car accidents in which carbon monoxide from auto exhaust was suspected of causing modifications in neurophysiological reflexes, the driver has very often been smoking and drinking heavily (228, 229) .
It has been clearly shown that cigarette smoking is an important etiological factor of bronchitis and pulmonary cancer in man. Most of the components of automotive exhaust are found in tobacco smoke (Table 15 ), but the (Fig. 5) , and the wash-out from the blood de- pends on the pCO of the ambient air (230, 231 (68) . In addition, the lack of standardized methodology applicable to experimental and epidemiological research on harmful environmental factors hinders the evaluation and comparison of data obtained in different laboratories, and leads to repetition of incomplete results, hastily arrived at and too often apparently contradictory (234) .
All this must be taken into account when examining Table 1 Table  1 were inhaled simultaneously at the concentrations of threshold biological activity given, a dangerous toxic, and presumably mortal effect would result.
The data given in Table 1 , air quality standards as defined mainly in the United States of America, generally correspond to one-tenth or even a much smaller fraction of the concentrations given in the adjacent column referring to biological activity thresholds. Air quality standards were determined mainly for the purpose of protecting human health, and also with a view to their possible economical application. sex, pathology, genetics) . These cofactors explain the apparent variation in toxicity and the existence of very susceptible groups of individuals which certain authors have proposed considering as air pollution "sentinels."
As auto exhaust pollution is essentially urban, it does not affect wild animals, except in City zoos. Sheep and cattle grazing beside motorways with heavy traffic become contaminated by the lead content of the vegetation.
To counteract the effects of auto exhaust on human health more biological research is needed. To judge the effect of an air pollutant, its penetration into the organism must be demonstrated. This has been proved for carbon monoxide and metals, but for high weight molecules (hydrocarbons, carcinogens) and even gases (nitrous and sulfur oxides), the nature of the biologically active metabolites penetrating into the organism are unknown. Differences in metabolism (especially from one animal species to another) are highly probable and do not permit extrapolation to man. Excretion or retention of most auto exhaust components, particularly trace metals, should be elucidated. Target organs and long-term and mutagenic effects should be defined. Methodology of experimental and epidemiological research must be developed to provide sensitive and reliable tests for respiratory and even neurophysiological investigations. Planning, standardization of techniques, exchanges of results at the international level, and evaluation and comparison of data obtained in different laboratories are needed to avoid the repetition of incomplete results, hastily reached, and too often apparently contradictory. The physicochemical interaction between air pollutantz and their by-products conditioned by diverse environmental factors, particularly meteorological ones, need further investigation for better measurements and monitoring in the field. As exposure to air pollution, even occupational, is also discontinuous in man, processes to quantify the degree of exposure (dosimetry) would be welcome.
Secondly, the incomplete state of air quality standards already referred to makes threshold fixation more a matter of opinion than a scientific approach, which will be possible only when the mechanism of action of each component of air exhaust is fully understood, as is the case for carbon monoxide. Moreover, the example of Los Angeles illustrates the importance of geographical and weather incidence on local autoexhaust air pollution. European climates, traffic intensity, emission of other air pollutants and everything that concerns genetic origins, alimentation, and pathology of populations is sufficiently diverse to consider appropriate separate air quality criteria based on local considerations. Man's possibilities of adaptation are also difficult to predict. For example, the last world war showed that the calculated requirements of caloric energy in Europe could be reduced by 30%o without resultant undernutrition. Truhaut's conclusions in 1964 (235) concerning air pollution standards are still valid: "The sometimes excessive measures of hygienists and toxicologists must be tempered by an appraisal of the negative social and economic consequences which may result from too rigid attitudes. As it is impossible actually to set air purity standards on the basis of an ideal criterion, namely, demonstrated harmless, certain calculated risks must be accepted, without however, overlooking the necessity of reducing emissions of potentially toxic air pollutants as far as possible."
Thirdly, there should be a preventive attitude towards the noxious effects of air pollutants on human health. Technical engineering procedures should be used to try to reduce the emission of the most dangerous compounds (carbon monoxide, oxidants, metals), but these modifications should involve introduction of other potential dangers; for example, some antiknock products and catalysts are possibly mutagens. Tobacco, alcohol, drugs, alimentary additives, and psychosociological stresses have been proved greater potential dangers to human welfare and health than auto exhaust. In any case, the automotive industry must participate in the improvement of the quality of life. The fact that in most American and European cities the burden of auto exhaust air pollution has been stabilized or even decreased is a great encouragement. In addition, air monitoring and medical surveys of high risk patients and people particularly exposed to auto exhaust must also be developed.
